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C:ry solive  Selen vty

FIG. 1. Structure of selenium. (a) Projection on the basal
plain of the selenium helices. a is the length of the hexagonal
edge, while u is the radius of the helices. (b) Side view of the

chains: d; is the covalent (intrachain) bond length, while d
is the interchain bond length.
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TABLE IV. Kaown properties of the exact deusity functional
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All the parameters that appear in the following functionals
are in m units.

Lm\mw

ePA=4,p"?,

(A2)

where A,= — (3/4)(3/m)\.
LDA correlation functional (Perdew-Wang'®):

efDA= ~2ap(1+ayr,)

1 ]
x""‘{”um‘r:”mr,wsé% I
{A3)

where  @¢=0.0310907, a;=021370, B,=7.5957,
B,=13.5876, B;=1.6382, and B,=0.492 94.

Langreth-Mehl exchange—correlation functiomal:'*

\ I
c,=¢1‘°‘—a|—p$;£—(-9'+18 fz), (A4)
%zé"(p) +¢ A/ l 28"}‘:'+18f2 (AS)

where F=b|Vp|/p™*, b=(9m)""*f, a=1/(16(3a)""),
and f=0.15.

Perdew-Wang '86 exchange functiomal:™

. s A
e,';e,‘;DA(p)(l+0.0864-’;+b_s‘+c.\"), _ (A6)
where m=1/15, b=14 and c=0.2.
Perdew-Wang ’86 correlation functional:*
A —® | Plz
= P4(p) +e Clp) (A7)
where
®=1.745 fc(")—m—l el
= C( ) .
A S
and  f=011, C;=0001667, C,=0.002 568,

C3=0.023 266, C,=17. 389x10-‘ Cs=8.723, C4=0.472,
C,=7.389x 102

tx"_‘ei‘p'\(p)

and =0.09,

Filippi, Umrigar, and Taut: Density functionals for a soluble modet 1295

Perdew—WanE *91 exchange functional:'!

14-a, s sinh—1(a5) + (a3 + a,e= %) 52
144, s sinh™ ' (a,5) +ass"

(A9)

where a;=0.196 45, a;=0.2743,

a,=—0.1508, and a;=0.004.
Perdew-Wn_n_g '91 correlation fanctional:"
e=[e"*(p)+p H(ps)],

where

a,=1.7956,

(AT10) -
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B=0.066 726 3212, C=15.7559,
C,4=0.003 521. The function C,(p) is the same as for the
Perdew—Wang 86 correlation functional. €.(p) is defined
so that ¢->*(p) = pe.(p).

Memexchangefmﬁonal:'
B 'x2

LDA
where x= 2(611'2)"3 —2"3|v p[/pm A,=(3/4)
(3/7)'/3, and B=0.0042.
Wilson—Levy correlation functional:'?
b|Vp|/p'?
a p+b|Vp|/p (A12)

T e+d|Vp|/(p/2) 41,

where a=-—0.748 60, b=0.06001,
d=0.900 00.

Closed shell Lee-Yang-Parr correlation functional:"*

¢=3.60073, and

1
Crp*P—2t wtg

D T
“«=—ai{3gp-17 pt+bp
1_,\1 -
X(Fw+3vzp)]e“" "’}, (A13)
where
1/|Vp|?
tW=§( p "sz),

and Cr=3/10(37%)*3, a=0.049 18, b=0.132, ¢=0.2533,
and d=0.349. -
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I8 4o 1[64 Dimers
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FIG. 8. First ionization enccgy of atoms im the local-density
{LD), bocal spin-density (LSD}), smd Hartree-Fock (HF) approxi-
mations compared with experimcat. The numbers show the
atomic numbers of the atomrs counsidered. For reasons of clari-
ty, the zcro of emergy is shifted by 5, 10, and 15 eV for the
second row, the thind row, and the transition-clement row, re-
spectively. The LD results for the first and second rows are in-
creased by an additional 2 ¢V.
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ESP W Schew T.0. Silverman, FA Motsew | Phys.Reo. (22,830 (1362
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E5° MR Novwsn, DD Koelling , Phys Reu. B 32 5530 (1884)
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FIG. 2. Exchange-correlation factor f..(q) of the electron
gas at r; = 5. The circles give the present MC results,
with the curve A being an interpolation of the calculated
points [see Eq. (7)] and curves B and C showing two
approxlmauons [14,15]. The horizontal dashed and dotted lines
give, respectively. f,.(0) and f, (), while the dotted curve
gives the large g behavior of f..(q). :

S.Hovowi  DhCeperley 4.5 Sevstere ‘P‘Ay.s.l?w..(.eﬂ .25 623 (1335)
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fall curves show exact résults and the dashed curves _-ﬁnw“mmcbhiudlnlheLDapproxima-_ :

sbov&c results in'&eLDapproximﬁu. Thceums ! tion.
|n(a)ad(b) are (ortwodifferentnh‘lo(r. ‘ A e

. 'Iu. .
"FIG. 6 Spherlcal average of the hydrogen XC hole
lEq 16)] times 7’/ for r=1 and 2 a.u. as a function of

- 7. ‘The full curves give the exact results and the
. dashed curves are calculated in the LD approximation. -

FIG 4. Exchanp—comhtton hole ’lxc w7 .
(Eq. 15) for & hydropn atom.. The full curve. slwwn
the exact hole; whils the dashed curves. depict the hole .
~lntbemu.ppmxlmlﬁon (Eq. (16)} for varios posmons
. of the electron- (0.1 ‘and 2 a.u. from the pmton), nslng
-;thodidectrlc l‘nnctlanofsmgwl ctal (Ref. 37): 'rbe !
x-axis gives the distance from the nucleus. .

#TONSON
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18



votnu.4s;~suﬁg§7. ' PHYSICAL REVIEW LETTERS © - 18 AuGust 198¢+

GrouncL State of the-Electron Gas by a Stochastlc Method

.-...\.

D M.Ceperley .

85, Auier _
Lawrence Livermare Ialnnutm'y Unwersity af Cahfomta, ‘Livermore, Calzfomza 94550
(Received 16 April 1980)

, AR exact swchasthe simuiation of the Schroedinger equation for charged bosons ani
fermions has been used o calculate the correlation energies, to-locate the transitions
to their respective crystal phases at zero temperature within 10%, and to establish the
smbﬂnynwmofafemmmeﬁcﬁiﬁofdm .
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electrons + ions

l“(atr, R) - H(rap) Ra P)‘I’(l‘, R)
H(r,p,R,P) = Ti(P)+T(p)+
W[[(R) + Wee(l‘) +
We[(r, R)
r:Fl,,,,,FN, Rzﬁl,...,RM,

3(N + M) variables

Exactly solvable: Hydrogen atom, harmonic oscillator.
Numericaly solvable: single-particle problems.

Nevertheless

GS geometry within 1-2 %

elastic constants within 5-10 %

lattice vibrations within a few %

phase transitions under pressure correctly described
and much more ...

Thanks to

Adiabatic Approximation
Density Functional Theory

Powerful Computers and Efficient Algorithms
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